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INTRODUCTION 
A general lack of information on the composition, abundance and 
seasonality of zooplankton in the lower Chesapeake Bay prompted an 
intensive two-year monthly survey by the newly-form.ed Department of 
Planktology in the years 1971-73. Previous work on lower Bay 
zooplankton had been limited to a summary of collections by the Fish 
Hawk (1915-1921) (Cowles 1930), also the material source for an 
account of the Copepoda (Wilson 1932), and a study of fish larvae by 
Pearson (1941). 
Our 1971-1973 survey provided valuable baseline data, useful for 
comparison with any future assessments of lower trophic levels in 
lower Bay waters, on species within dominant zooplankton groups, their 
abundance and seasonal occurrence. Ancillary data included 
measurements of water temperature, salinity, dissolved oxygen, primary 
productivity, chlorophyll-~, potential heterotrophy and nutrients. 
Descriptions of survey methodology and analyses of survey results have 
been included in several publications and theses (Bryan 1977; Bryan, 
in press; Bryan and Grant 1974; Goy 1976; Grant 1977; Grant et al. 
1977; Jacobs 1978; Olney 1978; Olney and Grant 1976; Zubkoff and 
Warinner 1977). 
Deficiencies and shortcomings of survey techniques that were 
detected in the above analyses and in subsequent (1974-1976) surveys 
have resulted in certain sampling design changes that have been 
incorporated in a proposed long-term monitoring program. Changes 
1 
include 1) the use of samplers with larger mouth openings to reduce 
escapement of fish larvae and other relatively agile components of the 
zooplankton, 2) addition of night sampling, 3) addition of neuston 
sampling, 4) elimination of stratification from the random station 
selection procedure and 5) restriction of sampling to months that will 
provide the most useful information on zooplankton populations. The 
present report includes results of the first monitoring cruise of 
March 27-30, 1978. 
METHODS AND MATERIALS 
The zooplankton of Chesapeake Bay occurs as two definable, 
seasonal populations: a summer-fall community, peaking in August, and 
a winter-spring assemblage, peaking in February or March (Grant 1977; 
Jacobs 1978). A minimum of two surveys per year are therefore 
required for long-term assessment of these communities: March and 
August have been selected as sampling months. Adequate assessment of 
meroplankton, particularly fish eggs and larvae and the larvae of 
decapod crustaceans, requires sampling over the principal reproductive 
period of June through August (Goy 1976; Olney 1978). Surveys for 
these components only are to be conducted in June and July, in 
addition to the full taxonomic surveys of March and August. 
Station locations are chosen randomly prior to each cruise from a 
grid of stations established for the 1971-73 survey, but without prior 
stratification into the indicated subareas A-H (Fig. 1). Twenty 
2 
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Fig. 1. Lower Chesapeake Bay study area, with grid of station 
locations from which random selec t:lons are made prior 
to each survey. 
3 
stations are randomly selected, ten each for day and night sampling. 
The transition from use of small bongo samplers (18.5 em mouth 
opening) to the larger 60 em bongo sampler, and from use of the easily 
clogged 202 ~ mesh nets to a mesh size of 333 ~, requires a fairly 
long series of comparative tows, if early data are to remain useful in 
comparison with monitoring results. Therefore, we are towing the 
18.5 em and 60 em bongos in tand~m during the first year of sampling 
(March and August), while pairing the two mesh sizes in the 60 em 
bongo sampler. Results of these comparative tows will be the subject 
of a later report. 
The above array of nets (all metered) is towed obliquely from 
near the bottom to the surface, while a one-meter neuston net 
(WHOI-type) is towed at the surface, sampling approximately the upper 
12 em of the water column. In June and July cruises, only neuston 
tows (333 ~m mesh net) and a 60 em bongo tow with 333 ~ mesh nets 
will be taken. Substitution of a 505 ~ neuston net in March 1978, 
was necessitated by the lack of one of proper mesh size. In the 
following text, an abbreviation of N505 refers to the 1-meter neuston 
frame with 505 ~ mesh nets. Similar abbreviations are used for bongo 
samplers (e.g. 60B333) refers to the 60 em bongo frame with a 333 ~m 
mesh net). 
Ancillary data collected at each station during all sampling 
months include water temperature, salinity and dissolved oxygen at 2 
meter depth intervals through the water column, standard observations 
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of weather and tide stage, and measurements of phytoplankton standing 
stock and/or productivity (as provided in cooperation with VIMS 
Division of Ecology and Pollution). 
Laboratory Processing of Zooplankton Samples 
Laboratory analyses of the collections consist of biomass 
estimates and identification to the smallest taxon permitted by the 
availability of expertise. Biomass estimates include dry weight 
(mg/m3) from one side of the small bongo sampler (18.5 B202), used in 
March and August of the first year, and displacement volume (ml/m3) of 
other preserved collections. Bongo collections for dry weight 
estimates were rinsed in distilled water, frozen ovc:!r dry ice, and 
later lyophilized and weighed. All preserved colleetions were 
examined whole for larger and rarer taxa, e.g. fish larvae, then 
successively split to smaller aliquots for smaller .and more numerous 
zooplankton groups, such as copepods and cladocerans. Counts of 
identified taxa are reported in numbers per m3 or 100 m3, depending on 
relative abundance. 
Community Analysis 
Sample and species data cards, the latter for each species 
occurrence, are punched after completion of identification, and used 
in computerized cluster analyses and calculations of diversity. 
Cluster analyses are based on the Bray-Curtis coefficient of 
similarity (Bray and Curtis 1957) and are of two types - normal and 
5 
inverse. The normal analy$is groups collections according to their 
si~ilarity in species composition and abundance, while the inverse 
analysis groups species a~cording to their distributional 
similarities. Resulting clusters of collections are then related to 
species clusters by means of nodal aqalysis (Boesch 1977). 
Three principal measur~ments of diversity are calculated for each 
collection: the Shannon-Wiener index (H'), evenness (J') and 
Margalef's index of species richness (Margalef 1951; Pielou 1975). 
RESULTS OF THE MARCH 1978 CRUISE 
A total of 18 stations was successfully completed in the period 
of 27 to 30 March 1978 (Fig. 2). Results are reported in three 
principal sections: hydrography, phytoplankton, and zooplankton, with 
major emphasis on the latter. Station data are given in Table 1. 
Hydrography 
Lower Chesapeake Bay waters are a resultant mixture of inflowing 
coastal waters and outflowing fresh water from the many rivers and 
streams tributary to the Bay. Relative contributions by the major 
rivers of fresh water to the Bay vary in time depending upon local 
distribution of precipitation. In 1977, the year p~i9r to the 
initiation of this monitoring.program, estimated mean annual 
streamflow entering the Bay was distributed as follows (U. S. 
Geological Survey 1978): 
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Fig. 2. Randomly selected stations sampled in lower Chesapeake 
Bay, 27-30 March 1978. Night and day stations indi-
cated by filled and open circles, respectively• 
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Table 1. Station list and data, Lower Bay Zooplankton Monitoring Program, 
March 1978~ R/V Pathfinder. 
Surface Surface 
1978 Tine Day or Station Temp. Salinity Station Lat. N Long. W Date (EST) Night Depth (m) oc 0 /oo 
B84 37°01' 75° 59' 27 III 1330 D 7.0 7.0 20.2 
Cl8 37°04' 76 °06' 27 III 1520 D 13.7 9.0 15.6 
D60 37°07' 76 °14' 27 III 1722 D 6.1 7.3 13.7 
F40 37°16' 76 °05' 28 III 1443 D 22.3 7.6 21.9 
E68 ,37°12' 76 °10' 28 III 1643 D 9.1 7.5 12.9 
E69 37°12' 76 °09' 28 III 1900 N 9.1 7.0 13.0 
B30 37°10' 76°04' 28 III 2006 N 7.3 7.6 14.9 
Cl4 37°06' 76°06' 28 III 2050 N 7.3 7.1 17.4 
A47 37°00' 76°14' 28 III 2229 N 7.3 7.6 13.2 
A63 36°59' 76°07' 28 III 2324 N 7.6 6.8 15.8 
GQ2 37°40' 76 ° 17' 29 III 1700 D 9.1 8.3 11.2 
G04 37°40' 76 °15' 29 III 1740 D 11.0 8.1 11.3 
G87 37°34' 76 °09' 29 III 1925 N 11.3 7.8 13.8 
H86 37°27' 76 °04' 29 III 2120 N 15.8 7.0 14.4 
Gl68 37°25' 76 °10' 29 III 2305 N 10.4 7.0 12.6 
Hl5 37°37' 76°00' 30 III 0740 D 11.3 6.2 11.6 
H47 37°27' 76°04' 30 III. 0840 D 12.5 6.5 13.2 
ESl 37°15' 76°22' 30 III 1030 D 15.2 10.4 14.2 
8 
Bay Segments 
Including the Rivers 
·Susquehanna 
Upper Bay* 
Potomac 
York, Rappahannock and 
Pocomoke 
James 
Percent of 
Total Mean Streamflow 
61.5 
9.5 
14.2 
5.4 
9.4 
Heavy rainfall in the Tidewater region of Virginia just prior to our 
March 1978 survey (Environmental Data Service 1978) increased relative 
contributions in March of the York, Rappahannock and Pocomoke segment 
to 7.4% and the James River segment to 12.7% of estimated total stream 
flow. 
Estimated streamflow had been above average throughout the fall 
of 1977 and at the maximum of a 28-year record in both January and 
March of 1978. At the time of our survey (27-30 March), waters in the 
lower Bay were well oxygenated, warming from winter lows, and of 
particularly reduced salinity (Table 2), the latter a reflection of 
augmented streamflow. Most of the waters were of salinity between 11 
and 18 Ofoo, or mesohaline, with polyhaline (> 18 O/oo) salinities 
restricted to stations B84 and F40 and to the lower water column at 
stations C14, C18, D60, E68, E69 and H86. Water temperatures were 
warmer at the surface and in fresher waters than at the bottom and 
close to the Bay mouth, as expected in late winter or early spring 
(Fig. 3). Entering coastal waters were 6-7°C; surface runoff from the 
* including Patapsco, West, Patuxent, Chester, Ch.optank, Nanticoke 
and Wicomico rivers. 
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Table 2. Temperature (°C), salinity ( 0 /oo) and dissolved oxygen (mg/1), lower Chesapeake Bay, 
March 27-30, 1978. 
Depth {meters) 
Station Measurement surface 2 4 6 8 10 12 14 16 
B84 t 7.6 6.6 6.6 6.5 6.4 
sal. 20.19 23.69 27.96 28.27 28.35 
oo2 11.4 10.7 10.1 10.4 10.6 
Cl8 t 9.0 7.1 7 .o 7.6 6.8 6.6 6.5 6.5 
sal. 15.63 21.28 23.73 26.79 27.40 28.21 28-.54 28.72 
D02 11.0 10.8 10.7 10.6 10.4 10.1 
...... 
0 D60 t 7.3 6.5 6.2 6.2 
sal. 13.73 15.85 16.95 18-.39 
oo2 11.0 11.5 10.9 10.5 
F40 t 7.6 6.8 6.6 6.6 6.6 6.6 6.6 6.6 6.5 
sal. 21.89 22.14 22.32 22.41 22.66 22.70 22.81 22.84 22.83 
002 11.0 11.0 10.7 11.0 11.0 10.5 10.3 10.3 10.5 
E68 t 7.5 7.3 6.5 6.3 6.3 
sal. 12.94 12.96 14.89 16.65 23.34 
002 11.2 11.4 11.1 10.8 10.2 
E69 t 7.0 7.0 7 .o 6.4 6.2 
sal. 12.99 12.75 13.39 16.32 20.12 
002 10.1 11.6 10.9 10.4 
B30 t 7.6 6.5 6.4 6.4 
sal. 14.94 20.21 20.81 21.17 
oo2 11.2 11.2 11.3 11.4 
Table 2 (continued) 
Depth (meters) 
Station Measurement surface 2 4 6 8 10 12 14 16 
Cl4 t 7.1 7.1 7.0 6.7 
sal. 17.38 17.43 17.63 20.58 
002 11.1 11.1 11.6 11.2 
A47 t 7.6 7.3 7.3 7.3 
sal. 13.24 13.43 14.89 15.30 
002 11.2 11.3 11.7 11.8 
A63 t 6.8 6.8 6.8 6.8 
sal. 15.85 15.94 16.33 16.43 
1--' 
D02 11.8 11.4 11.5 11.4 
1--' 
G02 t 8.3 8.2 8.2 8.0 6.6 
sal. 11.25 11.29 11.26 11.36 12.06 
D02 11.7 11.8 12.1 11.5 11.8 
G04 t 8.1 8.1 7.6 7.2 6.6 5.8 
sal. 11.30 11.20 11.40 11.23 11.53 12.62 
DOz 11.8 11.7 11.8 12.2 12.1 11.2 
G87 t 7.8 7.7 7.5 6.5 5.4 5.3 
sal. 13.83 13.86 14.50 15.59 15.94 16.20 
D02 12.1 12.7 11.9 11.8 11.0 11.2 
H86 t 7.0 6.9 6.6 6.1 5.5 5.5 6.0 6.1 
sal. 14.45 14.52 14.87 15.17 17.04 17.5 7 21.65 21.82 
002 11.9 12.1 11.5 12.0 11.4 11.7 9.9 10.4 
Gl68 t 7.0 7.0 6.3 6.3 6.1 6.0 
sal. 12.60 12.67 12.93 13.66 14.33 15.33 
D02 12.0 12.3 12.5 11.4 11.4 11.4 
Table 2 (continued) 
Depth (meters) 
Station Measurement surface 2 4 6 8 10 12 14 16 
H15 t 6.2 6.3 6.3 6.3 6.3 5.6 5.5 
sal. 11.65 11.57 11.59 11.64 12.65 13.21 13.55 
oo2 11.6 12.3 12.6 12.1 11.4 11.3 
H47 t 6.5 6.5 6.4 6.4 6.4 
sal. 13.18 13.25 13.18 13.24 15.48 
002 11.4 11.6 12.2 11.3 
ESl t 10.4 10.2 10.2 10.1 10.0 10.0 9.7 
sal. 14.23 14.34 14.61 14.28 14.52 14.51 14.81 
002 11.0 11.0 11.0 10.7 10.8 10.8 10_.8 
...... 
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Fig. 3. Temperature-salinity relationships through the water 
column at each of the 18 sampled stations. 
26 28 30 
Upper Bay was reflected in nearsurface temperatures in excess of 8°C 
(stations G02 and G04). Warmest temperatures (about 10°C) occurred 
near the mouth of the York River at station E51. Temperature-salinity 
relationships of surface water are shown in Figure 4, with an 
indication of water type sources. 
Mean surface temperature and salinity for the lower Bay were 
7.58°C and 14.51 O/oo; for all depths sampled the respective means 
were 6.99°C and 16.91 °/oo (N=l02). Mean temperatures were 
intermediate between those observed in March 1972 and 1973 (Jacobs 
l978), whereas mean salinities were lower than in any month during our 
2-year baseline survey, except for July 1972 in the immediate 
aftermath of Tropical Storm Agnes (Grant et al. 1977). The March 1978 
extent of freshened water into the lower Chesapeake Bay is evident in 
Figures 5 (surface salinity) and 6 (salinity at 6 meter depth). 
Polyhaline water was limited to the immediate Bay mouth and lower 
ea~tern shore of the Bay at both levels. 
Phytoplankton 
Observations on phytoplankton in the lower Chesapeake Bay in 
Ma~ch 1978 included measurements of chlorophyll-a at 1 meter depth 
intervals from the surface to 4 meters and at 2-meter intervals from 
4 m to the bottom. Samples were also obtained throughout the water 
column for taxonomy and· cell counts. Whereas phytoplankton of the 
lower Bay will be treated in a separate report covering the entire 
~ear, only surface data are included here. 
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-
-
.,.. oo• 
Fig. 5. Salinity ( 0 /oo) at the surface in the lower Chesapeake 
Bay, 27-30 March 1978. 
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Fig. 6. Salinity ( 0 /oo) at a depth of 6 meters in the lower 
Chesapeake Bay, 27-30 March 1978. 
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Chlorophyll concentrations at the surface (Fig. 7) were, with the 
single exception of the atypical station E51, rather uniformly low 
throughout the lower Bay. Vertical profiles of chlorophyll (not shown 
here) revealed an increase with depth at all stations but E51, where 
surf~ce concentrations were highest and at station C14 where 
chlorophyll-~ was uniformly low throughout the water column. 
Chlorophyll at the bottom of the water column was at a maximum of 
23 pg/1 at station G04. 
Cell counts and identifications of phytoplankters are available 
from eight of the sampled locations~ and are listed for surface waters 
in Table 3. High surface concentrations of chlorophyll-a at station 
E51 would appear to be related to elevated numbers of microflagellates 
~~d cryptomonads. 
Zooplankton 
Biomass 
Dry weights {mg/m3) of subsurface bongo collections (18.5 B202) 
are shown in Figure 8. Biomass varied from 3.1 mg/m3 at station H47 
and generally low biomass (< 25 mg/m3) in low salinity stations to a 
high estimate of 583 mg/m3 at station F40. These estimates are 
considerably lower than those observed in March 1972, when mean dry 
weight for the area was nearly 200 mg/m3, but closer to estimates for 
March 1973, when the mean dry weight was 29 mg/m3 (Jacobs 1978). 
Plots of displacement volume (ml/m3) vs. dry weight (mg/m3) as 
18 
Fig. 7. Surface chlorophyll-a ( g/1) in the lower Chesapeake 
Bay, 27-30 March 1978. 
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Table 3. Identification and counts (cells/ml) of phytoplankton species from 
surface waters at selected stations in the lower Chesapeake Bay, 27-
30 March 1978. 
Surface 
A47 B30 B84 E68 E69 E51 G02 H47 
!-Diatoms 
A-Centric 
Asterom~halus sp. 103 
Cerataulina pelagica 206 78 103 103 103 206 414 517 
Chaetoceros com~ressus 206 129 309 
Cha~toceros decipiens 724 
Chaetoce+os diversus 52 206 310 
Chaetoceros gracilis 103 103 414 207 
Chaetoceros laevis 284 
Chaetoceros subtilis 310 827 827 
Coscinodiscus sp. 78 
Cyclotella sp. 103 
Ditylum brightwellii 26 26 
Leptocylindrus danicus 310 26 78 206 
Rhi~osolenia fragilissima 54 103 78 206 52 618 207 
Rhizosolenia setigera 232 
Rhizosolenia stolterfothii 26 
Skeletonema costatum 2163 1318 927 931 1163 1648 414 1965 
Thalassiosira pseudonana 206 595 1545 1965 1086 618 1241 3309 
Sub-total (Centric) 2629 3696 3140 3515 3645 3863 3069 7807 
B-Pennate 
Asterionella jaEonica 546 595 572 827 233 442 129 931 
Thalassionema nitzschioides 414 206 414 827 78 721 259 
Sub-total (Pennate) 960 801 986 1654 311 1163 129 1190 
Total Diatoms 3590 4497 4129 5272 3956 5023 2198 8997 
2-Dinoflagellates 
Dinophysis recurba 26 
Diplopsalis lenticula 26 26 129 
Peridinium sp. 52 
Peridinium subinerme 103 
Prorocentrum minima 26 54 103 103 
Total Dinoflagellates 26 52 26 183 103 258 
3-Microflagellates 515 2585 2060 517 1861 3399 827 
4-Cryptomonads 618 414 103 103 414 2678 1344 1034 
20 
Table 3. (concluded) 
Surface 
A47 B30 B84 E68 E69 E51 G02 H47 
5-Cyanophytes 
GomEhosEhaeria sp. 927 414 827 1034 515 310 129 
6-0thers 
Euglenophytes 
Eutriptia sp. 103 
Silicoflagellates 
Ebrium sp. 103 26 
Chlorophytes 
Ankistrodesmus falcatus 103 
Total Others 103 26 103 103 
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Fig. 8. Dry weight (mg/m3) of subsurface zooplankton col-
lections (18.5 B202), 27-30 March 1978, 
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bivariates of biomass estimates from single tows (but different paired 
nets) of 18.5 em bongo samplers showed that no simple linear 
relationship exists between the estimates. Therefore, it is not 
likely that conversion factors for comparison of displacement volumes 
with older baseline data recorded as dry weight will be calculable. 
The relationship of d.isplacement volume measurements in collections 
from 202 llm and 333 llm nets is more nearly linear, but is subject to 
wide variability contributed by retention of phytoplankton in 202 llm 
nets, increased catches of more agile zooplankters :ln 333 llm nets, 
escapement of copepodid stages of copepods through the 333 ~ mesh, 
and other differences in catchability between the t1;.ro mesh sizes. 
Observed displacement volumes, reduced to ml per m3, from the March 
cruise are listed in Table 4 and the horizontal distribution of 
estimates from the 60 em, 333 llm mesh bongo net is shown in Figure 9. 
Distribution and Abundance of Zooplankton 
Over 90 species of zooplankton were identified and enumerated 
from March 1978 collections (Table 5). Several of these occurred at 
every station: spionid larvae (Polychaeta), Acartia. claus!, 
Centropages hamatus, Pseudocalanus sp., Temora longicornis and the 
larvae of Balanus balanoides. Missing at only one or two stations 
were Acartia tonsa, Eurytemora affinis, Tortanus discaudatus, larvae 
of Crangon septemspinosa and-sagitta elegans. The distribution and 
abundance of collected species will be briefly discussed below under 
major taxonomic categories. 
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Table 4. 3 Displacement volume (ml/m ) of surface and 
subsurface collections, March 1978. 
Station N505 18.5B202 60B202 60B333 
B84 0. 36 2.49 0.40 0.37 
Cl8 0.11 8.93 1.57 0.08 
D60 0.12 0.40 0. 79 0.86 
F40 0.19 5.00 3.54 0.80 
E68 0.29 2.44 0.57 
E69 0. 40 6. 36 1.08 0.52 
B30 0.54 2.72 2.51 0.71 
C14 o.4s 0.91 1.80 0.98 
A47 0. 86 9.09 0.93 0.92 
A63 0.29 5.56 1.53 0.76 
002 2 .63* 0.17 0.53 0.61 
G04 0.15 3.45 0.36 0.36 
G87 0.71 2.16 1.11 1.09 
H86 0.27 0.65 0.23 0.82 
Gl68 0.16 1.46 0.72 0.50 
Hl5 0.02 5.04 0.91 0.65 
H47 0.09 0.62 0.27 0.24 
E51 0.24 0.51 0.46 
* floating ~ebris not removed 
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Fig. 9. Displacement volume (ml/100 m3) of subsurface collec-
tions (60B333), 27-30 March 1978. 
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Table 5 
Checklist of species and occurrence of zooplankton in the 
lower Chesapeake Bay, March 27-30, 1978 
Station 
00 
....... M 0 ...::t ...::t 00 0 r-1 00 0'\ 0 N ...::t ....... \0 an ....... \0 
Taxa ~ \0 M 00 ~ ~ \0 11"1 \0 \0 ...::t 8 8 00 1"'"'1 ~ ...::t co < ~ ~ u u ~ r:tl ~ ~ ,.... t.!) 0 = = = 
COELENTERATA 
Cyanea capillata X X X X X X X X X 
Hybocodon prolifer X X X X X X X X X X X 
Obelia sp. X X X 
Rathkea octopunctata X X X X X X X X X X X X X X X 
N unid. coelenterates X X X X X X X X X X X 0'\ 
CTENOPHORA 
Pleurobrachia pileus X X X X X X X X X 
unid. ctenophores X X 
RHYNCHOCOELA 
unid. nemerteans X 
NEMATODA 
unid. nematodes X 
ANNELIDA 
Polychaeta 
Autolytus sp. X 
Eteone sp. X 
Glycera dibranchiata X X X X 
Harmathoe sp. X X X X X X X X X X X X X X 
Ma.lacoceros.sp. X 
Paranaitis speciosa X X 
(continued) 
Table 5 (continued) 
Station 
00 
........ M 0 ~ ~ 00 0 .-l 00 0\ 0 N ~ ........ \0 1..11 ........ \0 
Taxa ~ ~ M 00 .-l .-l \0 1..11 \0 \0 ~ 8 8 00 .-l .-l ~ 00 < j:Q j:Q u u t=l ~ ~ ~ ~ c.!) c.!) = ::c ::c 
ANNELIDA 
Polychaeta 
Paraprionospio pinnata X X 
Polydora websteri X X 
Polydora sp. X X X 
Scolecolepides viridis X 
unid. spionid larvae X X X X X X X X X X X X X X X X X X 
unid. polychaete larvae X X X X X X X X 
N Tomopteris helgolandica X X 
-...J Oligochaeta 
unid. oligochaete X 
Hirudinea 
Calliobdella vi vida X X X X X X 
MOLLUSCA 
Gastropoda 
Limacina ret rovers a X X X X 
Littorina irrorata X X X X X X X 
Pelecypoda 
Ensis directus X X X X X X X X X X 
Laevicardium mortoni X X 
Lyonsia hyalina X X X 
Macoma balthica X X X X 
Mulinia lateralis X X X X 
Mytilus edulis X X X X X X 
Tellina agilis X X X X X X X 
(continued) 
Table 5 (continued) 
Station 
00 )'.. M 0 ~ q 00 0 I'""'! 00 0'\ 0 N ~ )'.. \0 11"'1 J""o.. \0 
Taxa ..-:t \0 M 00 ~ ~ \0 l/1 \0 \0 ..-:t 8 0 00 r-f r-f ~ 00 < < t=Q ~ u u A j;;l:l ~ ~ ~ C.!> C.!> C.!> = = = 
Mysidacea 
MYsidopsis bigelowi X X X X X X X X X X X X 
Neomysis americana X X X X X X X X X X X X X X X 
Cumacea 
Leptocuma minor X 
Leucon americanus X X X 
Mancocuma sp. X X -X X X X X X 
Oxyurostylis smithi X X X X X X X X X X X X X 
Isopoda 
Aegathoa oculata X X X 
~ Chiridotea caeca X 
00 Edotea triloba X X X X X X _X 
Erichsonella attenuata X 
Idotea baltica X X 
Scyphacella arenicula X 
Amphipoda 
Ampelisca abdita X X X X X X X X X 
Caprella equilibra X 
Corophium insidiosum X X X X X X X X X 
Gammarus mucr-onatus X X X X X X X X X X X X X X 
Jassa falcata X X X X X X X X 
Leptocheirus plumulosus X X X X 
Monoculodes edwardsi X X X X X X X 
Microprotopus raneyi X X 
Paracaprella tenuis X 
Parametopella cypris X X 
Unciola irrorata X X 
(continued) 
Table 5 (continued) 
Station 
00 
,....... M 0 ...;t ...;t 00 00 0 r-1 0'\ 0 C"' ...;t ,...... \0. 1.1"\ ,...... \0 
Taxa ...;j" \0 M 00 r-1 r-1 \0 1.1"\ \0 \.0 ...;j" 8 0 00 r-1 r-1 ""'" 00 < < I=Q I=Q c.J u A r:.:l r:.:l r:.:l ~ 0 0 0 ::c ::c ::c 
CRUSTACEA 
Cladocera 
Evadne nordmani X X X X 
Podon polyphemoides X X 
Ostracoda 
unid. ostracod X X 
Copepoda 
Acartia clausi X X X X X X X X X X X X X X X X X X 
Acartia tonsa X X X X X X X X X X X X X X X X X 
N 
\.0 Acartia sp. (immature) X X X X X X X X X X X X X X X X X 
Calanus finmarchicus X 
Centropages hamatus X X X X X X X X X X X X X X X X X X 
Centropages typicus X X X X 
Eucalanus pileatus X X X 
Eurytemora affinis X X X X X X X X X X X X X X X X 
Hemicyclops sp. X 
Oithona sp. X X X X X X X X X X X X 
Paracalanus crassirostris X X 'T v A A 
Pseudocalanus sp. X X X X X X X X X X X X X X X X X X 
Pseudodiaptomus coronatus X X X X 
Temora longicornis X X X X X X X X X X X X X X X X X X 
Tortanus discaudatus X X X X X X X X X X X X X X X X 
unid. harpacticoid X X X X X X X 
Cirripedia 
Balanus balanoides? X X X X X X X X X X X X X X X X X X 
Balanus sp. B X X X X X X X X X X X X X X X 
Balanus sp. c X X X X X X X X 
Lepas sp. X X 
(continued) 
Table 5 (concluded) 
Station 
00 
1"- ('\") 0 ..;:t ..;:t 00 0 I'"""! 00 0'\ 0 N ..;:t ~ \0 11"1 1"- \0 
Taxa ..;:t \0 
('\") 00 I'"""! I'"""! \0 11"1 \0 \0 ..;:t 8 0 00 I'"""! I'"""! ..;:t 00 < < p:::) p:::) u u t:l Jl;.l Jl;.l Jl;.l ~ t.!) t.!) t.!) = = = 
Decapoda 
Crangon septemspinosa X X X X X X X X X X X X X X- X X X 
Palaemonetes intermedius? X X 
INSECTA 
Chaoborus sp. X X X X 
PHORONIDA 
unid. phoronid larvae X X X X X X 
CHAETOGNATHA 
Sagitta elegans X X X X X X X X X X X X X X X X X 
w 
0 PISCES 
Ammodytes hexapterus X X X X X X X X X X X X X X 
Anchoa mi tchilli X 
Anguilla rostrata X X X 
Gadus morhua X 
Menidia menidia X 
Paralichthys dentatus X 
PseudoEleuronectes 
americanus X X X X X X X X X X X X X X X 
ScoEhthalmus aquosus X 
Syngnathus fuscus X 
unid. fish eggs X X X X X X X 
Coelenterata. The largest and most conspicuous member of this 
group in March collections was the northern jellyfi1;h Cyanea 
capillata. It occurred at half of the sampled stat:lons throughout the 
study area (Fig. 10), with a maximum abundance of 10/100 m3 recorded 
at station F40. 
The hydromedusa with the most extended distribution was Rathkea 
octopunctata, found in every collection containing ~8yanea, which was 
listed as a probable predator of Rathkea by Littleford (1939). Calder 
(1971) found Rathkea to be the most abundant hydrom1edusa in late 
winter at Gloucester Point, Virginia (York River), during 1966 and 
1967. It is listed by Gasner (1971) as a boreal species extending 
south of Cape Cod. In the present collections, maximum abundance was 
26/m3 at station F40. 
Hybocodon prolifer and an unidentified coelenterate resembling a 
polyp were similarly distributed, being restricted to the stations 
with higher salinity (Fig. 10 and Table 5). Maximum abundance 
recorded for these two forms was 13 and 20/m3, respectively. 
Hybocodon prolifer i's also a boreal species, recorded by Calder (1971) 
at the Chesapeake Bay mouth in February 1968 (a single specimen). 
Obelia sp. was rare in March collections, limited to three 
stations near the Bay mouth and at a maximum abundance of 27/100 m3. 
Ctenophora. Ctenophores are generally poorly treated in accounts 
of zooplankton, a direct result of difficulties in preservation of 
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Fig. 10. Occurrence of coelentera t·es and ctenophores, March 197 8. 
C = Cyanea capillata, H = Hybocodon prolifer, 0 = 
Obelia sp., P = Pleurobrachia pileus, R = Rathkea 
octopunctata, U = unidentified coelenterates. 
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these delicate forms. They tend to disintegrate quickly in formalin, 
fouling the remainder of collections, and foiling attempts at 
quantifying their occurrence and importance. Workable methods are 
available for preserving ctenophores (see p. 163 in Gosner 1971), but 
these require special treatment of field collections. Perhaps least 
affected by formalin is the species that occurred in the present March 
collections, Pleurobrachia-pileus. Usually enough of these retain 
their form to allow their identification in preservE~d collections. 
Enumeration, however, requires that the stomodaeum be recognized. 
This is the only portion of Pleurobrachia's anatomy that regularly 
withstands killing and preservation in formalin. 
In March 1978, Pleurobrachia pileus was distributed among those 
stations at which the hydromedusa Hybocodon and an unidentified 
coelenterate were found (Fig. 10). It was absent only in the lowest 
salinities. }~ximum recorded abundance was 161/100 m3 at station C18. 
Ctenophores listed as unidentified were likely this species also 
(stations A47 and E68). 
Annelida. Most of the identified polychaetes occurred 
sporadically and in no defined distributional pattern, as is likely 
for benthic forms that only occasionally enter the plankton. 
Important exceptions were the holoplanktonic Tomopt1eris helgolandica, 
a coastal species limited in our collections to Bay mouth stations 
(Table 5), larvae of Polydora spp. that were restric.ted to stations 
near the Bay mouth, larvae of the scale worm Harmothoe sp. and 
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unidentified spionids that were widely distributed, and unidentifiable 
trochophore larvae. Distribution and abundance of the two widely 
distributed forms are shown in Figures 11 and 12. Although both 
Harmothoe sp. and spionid larvae were widely distributed, abundance 
patterns were quite dissimilar, with the former found abundantly only 
nea~ the Virginia Eastern Shore, close to the Bay mouth, while spionid 
larvae had pockets of high abundance neat the mouth of the James River 
and in mid-Bay off the Rappahannock River. A list of the polychaetes, 
their maximum abundance and the net type in which maxima occurred is 
included in Table 6. 
Other annelids in the March collections included an unidentified 
oligochaete at station G02, and a surprisingly common occurrence of 
the leech Calliobdella vivida. These leeches, parasitic on a variety 
of fishes, appeared to have been rising into the water column at night 
since most captures occurred in night tows (Fig. 13). This finding is 
in agreement with a general photonegative reaction in leeches (Mann 
1961). Sawyer and Hammond (1973) described the seasonal cycle of c. 
vivida (under its synonym f· carolinensis) from collections in South 
Carolina, where it is first found in the mouth cavities of Atlantic 
menhaden in mid-December to January. The mature leeches leave their 
hosts when water decreases to temperatures of 12-13°C to reproduce in 
tidal estuaries. Deposition of cocoons occurred in mid-February. The 
adults die by May and none are found until the following December when 
the young attach to juvenile menhaden. Our March 1978 collections in 
the Chesapeake Bay apparently occurred after the mid-winter departure 
34 
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Fig. 11. Distribution and abundance (numbers pe!r 100m3) of 
Harmothoe sp. larvae in subsurface collections (60B333), 
March 1978· 
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Fig. 12. Distribution and abundance (numbers per 100 m3) of 
spionid larvae in subsurface colleGtions (60B333), March 
1978. 
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Table 6. Maximum abundance estimates (numbers pe~r 100 m3) of 
polychaetes from March 1978 collections. 
Species 
Hannothoe sp. 
spionid larvae 
unid. trochophore larvae 
Polydora sp. 
P. websteri 
Eteone sp. 
Paraprionspio pinnata 
Scolecolepides viridis 
Glycera dibranchiata 
Tomopteris helgolandica 
Malacoceros sp. 
Autolytus sp. 
Paranaitis speciosa 
Maximum Calculated 
Abundance (11/1 /100 m3) 
3200 
2880 
1557 
89 
63 
8 
8 
8 
5 
3 
1 
<1 
<1 
Net Type* 
18.5B202 
18.5B202 
18.5B202 
18.5B202 
60B202 
18.5B202 
18.5B202 
60B333 
18.5B202 
18.5B202 
NSOS 
N505 
60B333 
* prefacing digit = mouth diam. in em; B = bongo, N = neuston; final 
3 digits = mesh size in ~m. 
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Fig. 13. Occurrence of Calliobdella vivida (Hirudinea), March 
1978. Positive night and day stations indicated by 
filled and open circles, respectively. Maximum density 
estimates (numbers per 100 m3) indicated are from 60 em 
bongo nets. 
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of the leeches from local hosts. Sawyer et al. (I97S) reported 
repeated collections of C. vivida from Opsanus tau and Paralichthys 
dentatus in Virginia waters and from various fish hosts in other parts 
of its range. 
Mollusca. Two species of gastropods and seven bivalves were 
identified from March 1978 zooplankton collections. These molluscs 
were generally absent in the lower salinity stations (ES1, G02, G04, 
G87, G168, H86), although Macoma balthica was found at HIS and H47 and 
Ensis directus, one of the more widely occurring species, also was 
found at HIS. The distribution and calculated abundance of the most 
frequent and abundant mollusc, Ensis directus, is shown in Figure 14. 
The occurrence of other molluscs in zooplankton collections is 
included in Figure IS, which shows a similarity in distribution for 
all molluscs. There was a general restriction of distribution to the 
higher salinity stations near the Bay mouth. Ensis directus is 
frequently found in coastal plankton collections in the Middle 
Atlantic Bight (M. Vecchione, personal communication; Grant 1978), 
while Limacina retroversa is a dominant pteropod of shelf waters in 
this region during cooler seasons. The maximum calculated abundance 
of each mollusc in our coll~ctions is given in Table 7. 
Cladocera. The cladocerans are normally low j_n abundance in late 
winter and early spring in the lower Bay (Bryan I9i'7). Collections of 
Evadne nordmanni arid Podon polyphemoides in March 1.978 were infrequent 
and densities were low. These species reach maximum abundance in the 
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Fig. 14. Distribution and abundance (numbers per 100 m3) of 
Ensis directus, ~arch 1978, based on maximum catches 
(60B202 and 60B333). 
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Fig. 15. Occurrence of other molluscs in the plankton, March 
1978. A= Tellina agilis, B = Maconm balthica, E = 
Mytilus edulis, H = Lyonsia hyalina,, I= Littorina 
irrorata, L = Mulinia lateralis, M == Laevicardium 
mortoni, R = Limacina retroversa 
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Table 7. Maximum abundance estimates (numbers per 100m3) of 
molluscs fro~ March 1978 collections. 
Maximum Calculated 
Species Abundance (##/100 m3) Net Type 
Ens is direct us 1143 18.5B202 
Mytilus edulis 1179 18.5B202 
Tellina asi;lis 679 18.5B202 
M.a.coma ba1thica 94 18.5B202 
Laevicardium mortoni 54 18.5B202 
Lyonsia hyalina 48 60B333 
Littorina irrorata 27 60B333 
Limacina retroversa 18 18.5B202 
Mulinia 1atera1is 18 18.5B202 
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lower Bay in late spring, with a smaller increase in R_. polyphemoides 
occurring in January. E. nordmanni occurred in March 1978 at only 
four stations (see Table 5) at a maximum calculated density of only 4 
per 100 m3. !• polyphemoides was found at two stat:lons (C14 and C18) 
at a maximum density of 6 per 100 m3. 
Copepoda. The 15 species of copepods identifit~d in March 1978 
collections (Table 5) include some of the most frequent and abundant 
organisms in the winter zooplankton, with Acartia £lausi, 
Pseudocalanus sp. and Centropages hamatus predominating. A. tonsa was 
still present in the lower Bay, but in far less abundance than its 
cold-water congener~· claus! (Table 8). Highest estimates of 
abundance for nearly all copepods were obtained from 202 '\.lDl mesh nets, 
since this mesh size retains immature copepodid stages of most 
species. 
During t1arch 1978, lower Bay copepods were distributed in two 
different patterns (Figs. 16-23), each reflecting the ecological 
affinities of species-groups (estuarine or coastal). Maximum numbers 
of estuarine species, including Acartia clausi, !• _tonsa, Eurytemora 
affinis and Pseudodiaptomus coronatus, were found in the upper study 
area and off mouths of Virginia rivers. Maximum numbers of coastal 
species, on the other hand, were found near the Bay mouth and along 
the Virginia Eastern Shore, i.e •. at the higher salinity stations. 
"Coastal" copepods included Pseudocalanus sp., Centropages hamatus, 
Temora longicornis, Tortanus discaudatus and the more rarely occurring 
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Table 8 
Maximum abundance estimates (numbers per m3) 
of copepods from March 1978 collections 
Species 
Acartia clausi 
Acartia spp. (copepodites) 
Pseudocalanus sp. 
Acartia tonsa 
Centropages hamatus 
Temora 1ongicornis 
Oithona spp. 
Eurytemora affinis 
Tortanus discaudatus 
Paraca1anus crassirostris 
Calanus finmarchicus 
Pseudodiaptomus coronatus 
unid. harpacticoid 
Eucalanus pi1eatus 
Centropages typicus 
Hemicyc1ops sp. 
Maximum Calcu1ate4 
Abul)dance (II /m3) 
44 
35,364 
10 ~ 901 
8,594 
2,835 
1,554 
777 
686 
).49 
80 
51 
51 
38 
23 
13 
7 
<1 
Net Type 
60B202 
60B202 
18.5B202 
60B202 
18.5B202 
18.5B202 
18.5B202 
60B202 
60B202 
18.5B202 
18.5B202 
60B202 
18.5B202 
60B333 
60B202 
60B202 
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Fig. 16. Distribution and abundance (numbers per m3) of Acartia 
clausi in subsurface collections (60B333), March 1978. 
76• 101 7&• oo• 
• 
• 
• 
• 
~100 
• 
• • 
• 
Fig. 17. Distribution and abundance (numbers per m3) of Acartia 
tonsa in subsurface collections (60B333), March 1978 • 
46 
Fig. 18. 
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Fig. 19. Distribution and abundance (numbers per m3) of 
Pseudocalanus sp. in subsurface collections (60B333), 
March 1978 •. 
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Fig. 20. Distribution and abundance (numbers per 100 m3) of 
Centropages hamatus in subsurface collections (60B333), 
March 1978. 
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Fig. 21. Distribution and abundance (numbers per m3) of 
Temora longicornis in subsurface collections (60B333), 
March 1978 •. 
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Fig. 22. Distribution and abundance (numbers per m3) of 
Tortanus discaudatus in subsurface collections (60B333), 
March 1978. 
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Fig. 23. 
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Centropages typicus, Calanus finmarchicus and Eucalanus pileatus. 
Most of these were found to be associated with the Coastal Boundary 
Layer in a previous study of Middle Atlantic Bight 2:ooplankton (Grant 
1978). 
Cirripedia. Based on cyprid size and morphological variation, 
four species of barnacle larvae were apparent in March 1978 
collections. The largest and most abundant form occurred at every 
station (Table 5) and is listed here as Balanus balanoides on the 
basis of its seasonal occurrence, the large size of the cypris larva 
(length 1.2 - 1.3 mm) and comparison of the stage VI nauplius with its 
published description (Crisp 1962). This species was present mostly 
in the cypris stage, with only a few stage VI nauplii collected. 
Parent stock would appear to be somewhat remote (Van Engel 1972), 
perhaps found in coastal waters outside and north of Chesapeake Bay. 
The abundance pattern of B. balanoides is shown in Figure 24. At 
stations where it was most abundant (B84, C14, C18, D60, F40) it 
occurred in greatest numbers in the surface neuston net. Its maximum 
abundance estimate was 2700 per 100 m3 from the neuston collection at 
station C14. 
Other types of barnacle larvae included the cypris of Lepas sp., 
recognizable by protruding ventro-lateral "horns"; ~alanus type B, 
represented by a cypris larva approximately 1.0 mm in length and with 
a low profile; and Balanus· type C with a cypris 1.1 mm in length, 
elevated profile and a slight ventral depression. The occurrence of 
53 
76• 10' 
• • 
• 
Fig. 24. Distribution and abundance (number per 100 m3) of 
Balanus balanoides larvae in subsurface collections 
(60B333), March 1978. 
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these species is shown in Figure 25. Maximum estimated densities and 
associated collection data for these species were: 
Balanus sp. B, 72/100 m3, Sta. C18 (60B333); Balanus sp. C, 10/100 m3, 
Sta. F40 (60B202); Lepas sp., 33/100 m3, Sta. B84 (N505). 
Mysidacea. Abundance estimates of Neomysis americana (Fig. 26) 
were highly dependent on whether sampling was conducted during day or 
night hours. Since these plankton tows were made obliquely through 
the water column, it would appear that this mysid spends daylight 
hours in close association with the bottom so that most individuals 
are unavailable to capture. Vertical migration was also evident in 
surface layer collections, with !• americana occurring in nearly all 
night neuston tows, but absent in daytime collections. Mysidopsis 
bigelowi, on the other hand, appeared to occur independently of the 
time of day, allowing a contouring of its horizontal distribution and 
abundance (Fig. 27). ~· bigelowi seems less tolerant of reduced 
salinity than !• americana, with a center of abundance in the lower 
channel areas of Chesapeake Bay. Maximum recorded densities were 
297/100 m3 for N. americana (Sta. H86, 60B333) and 71/100 m3 forM. 
bigelowi (Sta. C18, 18.5 B202). 
Cumacea. Cumaceans occur more frequently in night plankton tows. 
Stations lacking them in the March survey were all occupied in 
daytime. Of particular interest in this group of primarily benthic 
. . 
crustaceans was the common planktonic occurrence of Mancocuma sp., a 
form that apparently has not been recorded from the Chesapeake Bay 
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Fig. 25. Occurrence of larval Balanus (species B and C) and 
Lepas sp. (L), March 1978. 
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Fig. 26. Abundance (numbers per 100 m3) of Neomysis americana, 
March 1978. Night and day stations indicated by filled 
and open circles, respectively. 
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Fig. 27. Distribution and abundance (numbers p~r 100m3) of 
Mysidopsis bigelow! in subsurface collections (60B333), 
March 1978. 
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since the descriptive work of Zimmer (1943). The species was widely 
distributed in the eastern and higher salinity porti.ons of the study 
area in March 1978 (Fig. 28). 
Isopoda. Except for Edotea triloba, isopods occurred rather 
infrequently in March plankton collections. Among t:he six identified 
species, three were found only in neuston collections (single 
collections of Erichsonella attenuata and Scyphacella arenicola, an 
air-breather, and occurrences of Idotea baltica near the mouths of the 
James and York rivers). A species closely related to the latter, 
Idotea metallica, is euneustonic in Middle Atlantic Bight waters; I. 
baltica may occupy a similar surface habitat in Chesapeake Bay. 
Occurrences of all six species are included in Figure 29. 
Amphipoda. Eleven species of amphipods were identified from 
March 1978 plankton collections (Table 5), but only three of these 
occurred in more than half the sampled stations. Gammarus mucronatus 
and Corophium insidiosum occurred more frequently in surface 
collections than in collections from oblique tows. Ampelisca abdita 
occurred mostly in night collections and, like ~rsis americana, may 
spend daylight hours on the bottom. 
Decapoda. Except for two widely separated occurrences of 
Palaemonetes intermedius? (Table 5), decapod crustac:eans were 
represented in March collections only by larvae (and a few adults) of 
the sand shrimp, Crangon septemspinosa. This is th•~ Qnly decapod that 
regularly reproduces in the lower Bay in late winter and early spring 
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Fig. 28. Occurrence of cumaceans, March 1978. L = Leucon 
americanus, M = Mancocuma sp., 0 = Oxyurostylis 
smithi, P = Leptocuma minor. Limits of Mancocuma 
sp. are indicated. 
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Fig. 29. Occurrence of isopods, March 1978. A = Aegathoa 
oculata, C = Chiridotea caeca, E = Edotea triloba, 
H Erichsonella attenuata, I = Idotea baltica, 
S = Scyphacella arenicola, * = neuston only. 
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months (Sandifer 1972; Goy 1976; Jacobs 1978). The larvae of Crangon 
(Fig. 30) were sharply restricted to the lower half of the study area. 
Maximum estimated densities were 15,840 per 100 m3 (18.5 B202) for~· 
septemspinosa larvae and 3 per 100 m3 (N505) for Palaemonetes sp. 
adults. 
Chaetognatha. Only a single species (Sagitta elegans) of 
Chaetognatha was present in the lower Bay in late March 1978, which is 
typical for this time of year (Grant 1977) •. This cold-water species 
first appears in Chesapeake Bay in January or February and is 
eliminated by warming temperatures in late May or June. In March 
1978, ~· elegans was found at all but one of the sampled locations 
(Table 5), with highest densities occurring along the Eastern Shore 
and in the lower Bay channel areas (Fig. 3~). 
Abundance of ~· elegans in Chesapeake Bay is dependent on the 
size of stocks present in shelf waters off Virginia. Stock size 
varies from year to year depending on shelf water temperatures and the 
southward extent of the Calanus - s. elegans boreal community in the 
Middle Atlantic Bight (Grant 1978). Densities recorded in Chesapeake 
Bay in March 1978 were considerably higher than those documented ·in 
winter and spring months of 1972 and 1973 (Grant 1977). This 
variation may be attributable to avoidance by ~· elegans of the small 
sampler (18.5 B202) during the 1971-1973 survey. 
Pisces. Two of the nine species of fishes identified from March 
1978 collections (Table 5) were widely distributed in the lower Bay. 
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Fig. 30. Distribution and abundance (numbers per 100 m3) of 
Crangon septemspinosa larvae in subsurface collections 
(60B333), March 1978. 
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Fig. 31. Distribution and abundance (numbers per 100m3) of 
Sagitta elegans in subsurface collections (60B333), 
March 1978. 
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These were larvae of the sand launce, Ammodytes hexa.pterus, and the 
winter flounder, Pseudopleuronectes americanus. Both species have 
been previously recorded as larvae in lower Bay waters (Olney 1978) 
but not in such large numbers. A. hexapterus larvae were oddly 
distributed (Fig. 32) with centers of abundance off Cape Charles City 
and within the influence of the James River (stations A47 and A63). 
Winter flounder, on the other hand, were distributedl (Fig. 33) in a 
pattern typical of estuarine species, with highest densities in the 
northern and western portions of the study area. 
The occurrence of a single larva of the cod, Gadus morhua (Sta. 
B84) is noteworthy since larvae of this species haVE! not been 
previously recorded from lower Bay waters (Olney 19/'8). Also of 
interest is the infrequent occurrence of postlarval Paralichthys 
dentatus in evening neuston collections during March 1978. This 
species, although never taken in high densities, dontinated 
ichthyoplankton collections in March 1976 (Olney 19i'8). This 
disparity may result from year to year fluctuations in spring warming 
of lower Bay waters, fluctuations in timing of offshore spawning, or 
both. In support of the former cause, surface temperatures at 
positive stations in March 1976 ranged from 11.0 to 12.2°C, while 
March 1978 surface temperatures were considerably lower (Table 1). 
Community Analyses 
Structure of lower Bay zooplankton communities in.March 1978 was 
examined in terms of frequency of occurrence and rank of abundance 
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Fig. 32. Distributions and abundance (numbers per 100 m3) of 
Ammodytes hexapterus larvae in subsurface collections 
(60B333), Marc-h 1978. 
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Fig. 33. Distribution and abundance (numbers per 100 m3) of 
Pseudopleuronectes americanus larvae in subsurface 
collections- (60B333), March 1978• 
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among species, diversity of collections, species dominance and 
similarity of collections and species distribution (normal and inverse 
cluster analyses). Certain analyses have been limited to the neuston 
and 333 ~m mesh net collections. 
Frequency of Occurrence and Relative Abundance. The most 
frequently occurring taxa in surface (N505) and subsurface (60B333) 
collections are listed in Tables 9 and 10. Densities averaged over 
the entire study area and maximum recorded densities are also 
provided. Lower Bay averages were calculated from total catches of 
listed species and total sampled volumes of 1,871.8 m3 for neuston 
tows and 2,659.1 m3 for bongos (60B333). 
Comparison of these two lists shows the more sporadic occurrence 
of species in the neuston: only 10 species occurred in more than half 
the surface collections, while 18 species did so in the subsurface 
collections. In general, density of organisms was relatively very low 
in the neuston, with the exception of Balanus balanoides larvae. 
Barnacle larvae have been observed to migrate vertically at dawn and 
dusk in coastal waters of the Middle Atlantic Bight (Grant 1978). 
Although certain differences in the ordering and qualitative 
content of Tables 9 and 10 are attributable to net mesh size 
differences, appearance of certain taxa in the neuston list and their 
absence from Table 10 is indicative of preference for, or restriction 
to, the surface layer. Eurytemora affinis, an upper estuarine 
copepod, occurred iri all but one of the March 1978 surface tows, but 
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Table 9 
Frequency of occurrence and calculated density of 
the most common zooplankton species in surface 
collections (505 11m mesh neuston net), :Harch 1978 
Percent Density (number/100 m3) 
Species Occurrence Lower Bay Average Maximum 
Centropages hamatus 100 3,136 11,402 
Temora longicornis 100 150 1,031 
Eurytemora affinis 94 53 243 
Pseudocalanus sp. 89 264 2,972 
Acartia tons a 89 t~Q 227 
Acartia clausi 83 81 205 
Balanus balanoides 78 575 2,700 
Tort anus discaudatus 78 78 431 
Gammarus mucronatus 78 6 26 
Acartia spp. 56 15 154 
copepodites 
Crangon septemspinosa 50 ·46 696 
Sagitta e1egans 50 <1 4 
Neomysis americana 44 4 20 
Corophium insidiosum 33 2 17 
Spionid larvae 28 1 13 
Chaoborus sp. 22 <1 3 
Ox~urost~lis smithi 22 <1 2 
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Table 10 
Frequency of occurrence and calculated density of 
the most common zooplankton species in 60 em bongo 
collections (333 ~m mesh net), March 1978 
Percent Density (number/100 m3) 
Species Occurrence Lower Bay Average Maximum 
Balanus balanoides 100 113 404 
Acartia clausi 94 117,612 416,508 
Pseudocalanus sp. 94 95,440 417,043 
Centropages hamatus 94 29,267 112,480 
Spionid larvae 94 64 256 
Acartia tons a 88 23,428 102,217 
Temora longicornis 88 14,037 43,262 
Sagitta elegans 88 331 1,037 
Crangon septemspinosa 82 1,712 15,741 
Neomysis americana 82 57 297 
Balanus spp. 82 <1 72 
Rathkea octopunctata 76 88 608 
Harmothoe sp. 76 53 176 
Oxyurostylis smithi 71 9 34 
Mysidopsis bigelowi 65 6 23 
Ammodytes hexapterus 65 5 27 
Pseudopleuronectes american us 65 3 12 
Hybocodon Erolifer 59 96 446 
70 
in less than half the subsurface tows. Its unusually widespread 
occurrence in the lower Chesapeake Bay was apparently limited to 
surface waters of reduced salinity. Other species largely restricted 
to the surface layer included Ganunarus mucronatus and Corophium 
insidiosum (Amphipoda) and larvae of the insect Chaoborus sp. Species 
apparently avoiding the surface layer included the hydromedusae 
Rathkea octopunctata and Hybocodon prolifer (although mesh size could 
have contributed to their absence in neuston collections), Harmothoe 
sp., Mysidopsis bigelowi and fish larvae. 
Dominant Species. An examination of which species are 
numerically dominant in collections is of interest :in characterizing 
the fauna, in detecting community differences within the study area, 
and in comparison of catches with nets of various mesh sizes. While 
subsurface collections with either 18.5 em or 60 em bongo nets of mesh 
sizes 202 ~m and 333 ~mare usually similar (Table 11), collections 
with the coarser mesh neuston net were dominated by different species. 
This was due in part to behavorial differences in the case of Balanus 
balanoides dominance of Bay mouth neuston collections, but mostly to 
escapement through the 505 ~ meshes of small copepods such as the 
Acartia species and Pseudocalanus sp. Neus ton coll~ec tions were 
dominated by the larger Centropages hamatus at 13 of the stations 
where subsurface collections with 202 um and 333 ~ mesh nets were 
dominated by Acartia clausi. 
A community change appeared to occur between the first four 
71 
-....J 
N 
Table 11 
A list of the numerically dominant species in March 1978 Chesapeake Bay 
zooplankton collections, by station and net type 
Station N505 
B84 Balanus balanoides cyprids 
Pseudocalanus 
Centropages hamatus 
Cl8 B. balanoides cyprids 
D60 
F40 
E68 
E69 
Pseudocalanus sp. 
C. hamatus 
B. balanoides cyprids 
Pseudocalanus sp. 
C. hamatus 
B. balanoides cyprids 
Eurytemora affinis 
C. hamatus 
C. hamatus 
E. affinis 
A. clausi 
C. hamatus 
E. affinis 
Acartia tonsa 
18.5B202 
Pseudocalanus sp. 
Centropages hamatus 
Temora longicornis 
Pseudocalanus sp. 
C. hamatus 
T. longicornis 
Pseudocalanus sp. 
Acartia clausi 
C. hamatus 
Pseudocalanus sp. 
A. clausi 
C. hamatus 
A. clausi 
Pseudocalanus sp. 
C. hamatus 
A. clausi 
Pseudocalanus sp. 
C. hamatus 
(continued} 
60B202 
Pseudocalanus sp. 
Centropages hamatus 
Temora longicornis 
Pseudocalanus sp. 
Oithona sp. 
Acartia clausi 
Pseudocalanus sp. 
C. hamatus 
A. clausi 
Pseudocalanus sp. 
Acartia sp. 
A. clausi 
A. clausi 
Pseudocalanus sp. 
C. hamatus 
A. clausi 
Acartia sp. 
Pseudocalanus sp. 
60B333 
Pseudocalanus sp. 
Centropages hamatus 
Temora longicornis 
Pseudocalanus sp. 
C. hamatus 
T. longicornis 
Pseudocalanus sp. 
C. hamatus 
Acartia clausi 
Pseudocalanus sp. 
C. hamatus 
A. clausi 
Pseudocalanus sp. 
A. clausi 
C. hamatus 
A. clausi 
Pseudocalanus sp. 
C. hamatus 
Table 11 (continued) 
Station NSOS 18.SB202 60B202 60B333 
B30 c. hamatus Pseudocalanus sp. A. clausi Pseudocalanus sp. 
B. balanoides cyprids c. hamatus Acartia sp. C. hamatus 
Pseudocalanus sp. A. clausi Pseudocalanus sp. A. clausi 
Cl4 C. hamatus A. clausi A. clausi Pseudocalanus sp. 
B. balanoides cyprids Pseudocalanus sp. Acartia sp. c. hamatus 
T. longicornis c. hamatus Pseudocalanus sp. A. clausi 
A47 c. hamatus A. clausi A. clausi A. clausi 
A. clausi Acartia sp. Acartia sp. Pseudocalanus sp. 
Pseudocalanus sp. Acartia tons a Acartia tons a C. hamatus 
A63 C. hamatus A. clausi A. clausi A. clausi 
-....! Pseudocalanus sp. Pseudocalanus sp. Acartia sp. Pseudocalanus sp. w 
Crangon septemspinosa c. hamatus Pseudocalanus sp. C. hamatus 
002 c. hamatus A. clausi A. clausi A. clausi 
E. affinis Acartia sp. Acartia sp. A. tons a 
Pseudocalanus sp. A. tons a A. tons a Acartia sp. 
G04 Gammarus mucronatus A. clausi A. clausi A clausi .B.. 
E. affinis A. tons a Acartia sp. A. tons a 
C. hamatus Acartia sp. A. tons a Acartia sp. 
G87 C. hamatus A. clausi A. clausi A. clausi 
A. clausi A. tons a Acartia sp. A. tons a 
Tort anus discaudatus Acartia sp. Pseudocalanus sp. Acartia sp. 
H86 c. hamatus A. clausi A. clausi A. clausi 
T. longicornis Acartia sp. Acartia sp. Pseudocalanus sp. 
T. discaudatus Pseudocalanus sp. Pseudocalanus sp. T. longicornis 
(continued) 
Table 11 (concluded) 
Station N505 18.5B202 60B202 60B333 
Gl68 c. hamatus A. clausi A. clausi A. claus! 
T. longicornis Acartia sp. Acartia sp. A. tons a 
A. tons a A. tons a A. tons a c. hamatus 
Hl5 c. hamatus A. clausi A. elausi A. clausi 
A. clausi Acartia sp. Acartia sp. A. tons a 
T. longicornis A. tons a c. hamatus C. hamatus 
H47 c. hamatus A. clausi A. tons a A. tons a 
A. clausi A. tons a A. claus! A. clausi 
A. tons a Acartia sp. Pseudocalanus sp. Acartia sp. 
'-I 
+=-- E51 c. hamatus A. claus! A. clausi 
A. clausi Acartia sp. A. tonsa 
A. tons a A. tons a Acartia sp. 
stations listed in Table 11 and the last 10 listed stations, with a 
transition occuring at stations E68, E69, B30, and C14. The first 
"community" was dominated by barnacle cypris larvae at the surface and 
by Pseudocalanus sp. through the water column. The second community 
was dominated by Acartia claus!, with A. tonsa increasing in 
importance at upper Bay stations. 
Diversity. The Shannon index of diversity (H'), evenness (J') 
and Margalef's index of species richness are listed for each 
collection in Table 12. Diversity was generally low, as might be 
expected for estuarine and winter collections, ranging from 0.4253 to 
2.7370. Both of these extremes occurred in neuston collections, the 
low in a daytime collection at C18 and the high at night at station 
G87. In 15 of the 17 comparative tows of 202 ~m and 333 ~m mesh 60 em 
bongo nets, diversity was higher in the 202 ~m collections. Diversity 
was similar in collections from 18.5 em and 60 em bongo nets of 202 ~m 
mesh. 
Extremes in evenness (J') again occurred in the highly variable 
neuston collections, the low of 0.1280 in the tow at station C18 and 
the high of 0.7468 at station G04. This is not surprising, as 
diversity varies directly and in fairly close correlation with 
evenness. Except for one or two outliers, the relationship of 
diversity with evenness was more nearly linear with subsurface 
collections than in'neuston collections (Fig. 34). At higher 
diversities (H' ) 2.0) most subsurface collections showed moderate 
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Table 12 
Diversity (H'), evenness (J') and species richness (d) of March 
1978 zooplankton collections in the lower Chesapeake Bay 
Day or Collection Net* 
Station Night Number Type H' J' d 
B84 D Z78 - 924 1 1.4025 0.4424 0.9824 
- 025 2 1.2973 0.2868 1.6683 
- 026 3 1.2411 0.2922 1.8966 
- 027 4 1.2697 0.2734 2.0393 
C18 D - 028 1 0.4253 0.1280 1.2025 
- 029 2 1.7097 0.3149 2.2080 
- 030 3 1.4968 0. 3021 2.3270 
- 031 4 1.0554 0.2245 1.9673 
D60 D - 032 1 2.0846 0.5815 1.6550 
- 033 2 1.8660 0.4776 1.1612 
- 034 3 1.7577 0.4300 1. 3685 
- 035 4 1.5306 0.3034 2.5810 
F40 D - 036 1 0.5613 0.1474 1.7349 
- 037 2 2. 4153 0.4830 2.2186 
- 038 3 2.3695 0.5102 1.7369 
- 039 4 1.6647 0.3360 2.2422 
E68 D - 040 1 1.9590 0.6530 1.2782 
- 041 2 1. 9311 0. 4212 1.7911 
- 042 3 2.1729 0.4739 2.0212 
- 043 4 1.8771 0.4042 2.0644 
E69 N - 044 1 1. 9939 0.5104 2.2608 
- 045 2 2.1815 0.4758 1. 9102 
- 046 3 2.4090 0.5066 2.0392 
- 047 4 1.8842 0.4165 1.9622 
B30 N - 048 1 1.5396 0.3849 1.9169 
- 049 2 2.7185 0.6189 2.1356 
- 050 3 2.1634 0.4153 2.6709 
- 051 4 1.8844 0.3804 2.5543 
C14 N - 052 1 1.5516 0.3796 1.6901 
- 053 2 2.3264 0.5010 2.2726 
- 054 3 2.4940 0.5513 1.7126 
- 055 4 2.1219 0.4206 2.5870 
(continued) 
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Table 12 (continued) 
Day or Collection Net* 
Station Night Number Type H' J' d 
A47 N Z78 - 056 1 1.5025 0.3322 2.7959 
- 057 2 1.2451 0.2986 1.4378 
- 058 3 1.6869 0.3548 1.9140 
- 059 4 1.5630 0.3126 2. 3946 
A63 N - 060 1 1.8302 0.4104 2.2952 
- 061 2 1.7138 0.4193 1.3043 
- 062 3 2.1118 0.4117 2. 6302 
- 063 4 1.9186 0.3910 2.6377 
G02 D - 064 1 2. 658~~ 0.6646 2.5218 
- 065 2 1.2249 0.4739 0.6618 
- 066 3 1.2183 0.3667 0.6476 
- 067 4 0.7781 0.2594 0.5528 
G04 D '- 068 1 2.0964 0.7468 1.5855 
- 069 2 1.3879 0.6940 0.2458 
- 070 3 1.5873 0.4778 0.6785 
- 071 4 1.2030 0.3356 0.8512 
G87 N - 072 1 2.7370 0.7006 1.7534 
- 073 2 1.6748 0.5283 0.8062 
- 074 3 1.8551 0.3902 1.7377 
- 075 4 1.3401 0.2886 1.8145 
H86 N - 076 1 0. 782.5 0.1810 2.0048 
- 077 2 1.737'1 0.4166 1.4468 
- 078 3 1.887'0 0.4366 1.3885 
- 079 4 2.047'9 0.4134 2.4029 
G168 N - 080 1 1.5284 0.4130 1.7708 
- 081 2 1.7477 0.4723 1.0007 
- 082 3 1.8786 0.4422 1.9287 
- 083 4 1.0191 0.2399 1.4677 
H15 D - 084 1 1.8460 0.5557 1.6023 
- 085 2 1.6002 0.4096 1.1749 
- 086 3 1.9427 0.4857 1.4824 
- 087 4 1. 26l·4 0.3236 1.2011 
H47 D . - 088 1 2.1358 0. 7119 1.2812 
- 089 2 2.0964 0.5665 1.0435 
- 090 3 1.6573 0.4791 o. 9852 
- 091 4 1.4157 0.3718 1.1653 
(continued) 
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Table 1.2 (concluded) 
Day or Collection Net* 
Station Night Number Type H' J' d 
E51 D Z78 - 092 1 1.9003 o. 4991 1.9327 
- 093 2 0.9862 0.2851 0.8561 
- 094 3 0.6005 0.1623 0.7900 
* Net Type: 1 = 1 meter neuston 505; 2 = 18.5 em Bongo 202; 3 - 60 em 
Bongo 202; 4 = 60 em Bongo 333. 
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lower Chesapeake Bay, 27-30 March Jl978 
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evenness (J' = 0.4 - 0.55) while equally diverse neuston collections 
ranged in evenness from 0.58 to nearly 0.75. 
Species richness (d) varied from a low of 0.2458 in the 18.5 em 
bongo collection from station G04 to a high of 2.7959 in the neuston 
collection from station A47 (Table 12); the former collection 
contained 199,502 individuals among only 4 taxa, while the collection 
from A47 containeq 23 taxa but only 2,614 individuals. The total 
number of species caught in the various types of nets averaged lowest 
in neuston nets, intermediate in small- and large-mouthed 202 ~m mesh 
nets and highest in the 60 em, 303 ~m mesh, bongo nets (Fig. 35). 
Cluster and Nodal Analyses. Clustering of collections was 
performed separately for surface (N505) and subsurface (60B333) 
collections. Species occurring in only one of the 18 and 17 
collections, respectively, were dropped from inverse analyses of 
species. 
Surface collections. Results of the cluster and nodal 
analyses of neuston collections are shown in Figure 36. Station 
groups included: 
I. Station G04, an aberrant collection, dominated by Gammarus 
mucronatus and Eurytemora affinis. 
II. Higher salinity, daytime stations Cl8, F40, B84 and D60, 
dominated by Balanus larvae. 
III. Lower salinity~ mostly daytime stations E69, G02, E68, Hl5, 
H47, E51, dominated by Centropages hamatus. 
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nets employed in the March 1978 survey: horizontal 
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Fig. 36. Station and species clusters from March 1978 neuston 
collections, with their relationship shown by 
indices of fidelity. 
IV. Night collections at stations B30, A47, A63,, Cl4, G87, H86, 
Gl68, strongly dominated by abundant ~· hamatus. 
Divisions were, therefore, primarily between high and low salinity day 
stations and between night and day stations. 
Coastal species (in contrast to estuarine species) were limited 
to species groups A and B. They included Pseudocalanus sp, larvae of 
Balanus balanoides and Centropages typicus. Estuarine species, on the 
other hand, were interspersed among all groups. Spt~cies that are 
caught more abundantly at night were also found in ~~very species group 
but were particularly numerous in species group D. 
Fidelity indices ranged from 0 (absence of a species group in a 
station group) to 2.2, which shows moderate "preference" for a 
particular habitat. Except for the aberrant station G04, the only 
zero occurred in the case of the "night species" group D in the high 
salinity day stations (group II). This species group (D) also showed 
the highest fidelity (2.2) for the cluster of night stations (IV). No 
particular preference for any of the station groups (II-IV) was shown 
. by the group of dominant species (group I). 
Subsurface collections. Results of cluster and nodal 
analyses of bongo collections are shown in Figure 37. Clusters of 
stations included: 
I. Low salinity, daytime stations HlS, H47, G02 and G04. 
II. Low salinity, night stations G87, Gl68 and H86. 
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III. Higher salinity lower bay stations B30, A4.7, A63, Cl4, D60, 
E68, E69, F40. 
IV. Bay mouth stations Cl8 and B84. 
The primary division of collections was between the low salinity G and 
H stations and those of the lower Bay and bay mouth. 
Subsurface (60B333) collections differed from those of the 
neuston in that coastal species were found among all species groups, 
with estuarine species missing from group D. It would appear that 
while coastal species were narrowly limited in their surface 
distribution to the Bay-mouth stations (due to runoff of freshened 
water) estuarine species were being restricted in subsurface waters 
to the upper tier of stations by action of the tidal wedge. The 
geographical difference by depth in the separation of the two 
communities is shown in Figure 38. 
The pelecypods and other coastal species of group D showed 
fidelity ranging from 0 in the low salinity station groups I and II to 
3.7 in the pair of Bay mouth stations comprising group IV. Dominant 
species within species group A preferred the lower salinity sites. 
The speciose group B preferred higher salinity stations of groups III 
and IV, while species group C appeared mostly in night tows. The 
latter group included several species that may rise off the bottom at 
night, especially pericarid crustaceans and the leech Calliobdella 
vi vida. 
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SUMMARY OF RESULTS 
1. Salinity of lower Chesapeake Bay waters was particularly low in 
March 1978, mostly between 11 and 18 O/oo. Mean salinity was 14.51 
0 /oo at the surface, 16.91 O/oo at all depths sampled. 
2. Entering coastal waters were 6-7°C, while surface runoff from the 
upper Bay was at about 8°C. Warmest temperatures (c:a. 10°C) were 
found in the mouth of the York River. 
3. Chlorophyll-~ was uniformly low in surface wate~rs except at 
station E51 near the York River mouth. 
4. Zooplankton biomass, estimated as dry weight and as displacement 
volume, was relatively low. Highest estimates were from the small 
18.5 em bongo nets (202 ~m mesh) at 12 of the 18 stations. Dry weight 
exceeded 100 mg/m3 at only three stations. A displacement volume of 
over 1 ml/m3 occurred at only one station. 
5. Over 90 species of zooplankton occurred, several of them (spionid 
larvae, Acartia clausi, Centropages hamatus, Pseudocalanus sp., Temora 
longicornis, Balanus balanoides larvae) at every station. Nearly 
ubiquitous species included Acartia tonsa, Eurytemo:ra affinis, 
Tortanus discaudatus, Sagitta elegans and larvae of Crangon 
septemspinosa. Distribution and abundance of speci,~s was described 
within higher taxonomic categories. 
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6. Eurytemora affinis was limited to surface waters of reduced 
salinity over much of the study area. Other species that were largely 
restricted to the surface were amphipods Gammarus mucronatus and 
Corophium insidiosum and larvae of the insect Chaoborus. 
7. Analysis of species dominance suggested the presence of two 
communities, one dominated by barnacle larvae at the surface and 
Pseudocalanus sp. in subsurface waters, the other dominated by Acaria 
clausi. 
8. Diversity was relatively low, with H' ranging from 0.4253 to 
2.7370, evenness from 0.1280 to 0.7468 and species richness (d) from 
0.2458 to 2.7959. 
9. Cluster and nodal analyses of neuston collections showed primary 
division between daytime stations in upper and lower portions of the 
study area and between night and day stations. 
10. Subsurface bongo collections (60B333) clustered into a low 
salinity tier of stations (G and H stations) and all higher salinity 
stations. 
11. Estuarine species, one of the primary communities (the other 
being coastal species in March 1978), were restricted to the upper 
portion of the study area in subsurface collections but occupied 
surface waters over most of the lower Bay. 
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